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Brief History of Fermilab SBN Program!

2003-13 - 1st  gen. BNB experiments: MiniBooNE and SciBooNE!

2015-18 - 2nd gen. BNB experiment: MicroBooNE!

Jan. 2014 – Two new proposals to Fermilab PAC for next phase at BNB:!
P-1052: ICARUS@FNAL!

P-1053: LAr1-ND* !
May 2014 – P5 recommendations!

May 2014 – SBN Taskforce and working groups start developing joint proposal!

Jan. 2015 – Joint proposal presented to PAC, recommends Stage 1 approval!

Feb. 2015 – Director grants Stage 1 approval  !
*  March 2015: LAr1-ND ! Short-Baseline Near Detector (SBND)!
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The SBN Proposal!

•  Returned to the January 2015 PAC meeting with an updated proposal:!

•  Measure νe appearance and νµ disappearance in one program !
•  Detailed analysis for program sensitivities (e.g.):!

–  Cosmogenic and beam based backgrounds (“Dirt” events) !
–  Systematics from flux minimized by use of near detector!
–  Detector systematics reduced by use of common technology!

•  To address cosmics from surface operation need: overburden, fast light detection 
and external cosmic tagger systems !

•  Technology development for LBNF/DUNE !
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Submi&ed	  jointly	  by	  ICARUS,	  MicroBooNE	  and	  SBND	  (LAr1-‐ND)	  
h&p://arxiv.org/abs/1503.01520	  
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GOAL	  :	  Operate	  in	  2018	  



Program Overview !
•  Booster Neutrino Beam :!

–  8 GeV Booster protons produce ~1 GeV neutrino beam!
–  Max. rep. rate : 5 hz; typical : 2 hz (when NuMI operating)!
–   5x1012 POT/spill; ~2 – 3 x1020 POT/yr with current 

configuration!
•  Three detector physics program :!

–  MicroBooNE!
–  Far Detector – ICARUS T-600!
–  Near Detector – SBND!

•  Important program for LAr detector development !
•  Challenge to simultaneously deliver physics and advance the 

technology!
–  Necessity given our strategic vision for tackling neutrinos!!!
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SBN Program – Three detectors with one mission!
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SBN Program – Three detectors with one mission!
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SBN νe Appearance Sensitivity!
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SBND	  

MicroBooNE	  

ICARUS	  

~5σ coverage of LSND 99% CL Region for 6.6x1020 

 P.O.T.  ~ 3 years (13.2x1020 for MicroBooNE) 



Program Organization!
•  Many Stakeholders :!

–  Three collaborations !
–  SBN Group in FNAL Neutrino Division, SBN Coordinator!
–  CERN Neutrino Platform !
–  Executive Committee : Collaboration spokespeople !
–  Funding agencies, Detector R&D (KA25)!

•  Distinct (and overlapping) Program Phases :!
–  Planning and Design!

•  Simulations for detector design!
–  Construction and Installation!
–  Operations!
–  Physics Simulations!
–  Data Analysis!
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Three Collaborations ! One Program !
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Collaboration Authors Overlap 
ICARUS ~70 
SBND 112 
MicroBooNE 121 
All SBN (excl overlaps) ~225 

US	  22	  

CERN	  

Italy	  9	  

Institutions SBN  SBN-DUNE 
Overlap 

US 22+2 20+2 

Non-US 23 19 

~6+8	  
~59	  

SBN Institutions and Authors!

11!

CH	  1	  

UK	  7	  	  	  
Russia	  1	  

Poland	  5	  
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Recent	  addi`on	  of	  6	  U.S.	  ins`tu`ons	  to	  ICARUS	  



U.S. Groups join ICARUS (ICAR-US)!

Sunday, April 26, 2015 9:42 AM!
Dear Colleagues!
this is to let know that all the ICARUS participating groups have 
been formally consulted and  have unanimously agreed to 
extend the ICARUS collaboration to you and your teams.  
Argonne National Laboratory, Colorado State University, Los 
Alamos National Laboratory, FermiLab, University of Pittsburgh  
and SLAC are presently new participants in the Collaboration.!
Welcome in ICARUS !!
Sincerely!
!
Carlo Rubbia!
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ICAR-US!
•  Institutions and PIs!

–  ANL : Z. Djurcic!
–  FNAL : A. Fava (WF), Rameika, Wilson + several other senior scientists !
–  LANL : G. Mills, B. Louis, R. van de Water!
–  SLAC : M. Convery, T. Usher!
–  Colorado State : R. Wilson (+ 2 students, 1 engineer)!
–  Pittsburgh : V. Paolone (+student, post-doc)!

•  Potential tasks are :!
–  Cosmic ray tagger, associated electronics!
–  PMT readout electronics!
–  Data Acquisition!

•  Initial meeting of US institutions with key members of ICARUS at Fermilab 
on May 20. !

•  Contributions being discussed; technical and manpower resources first, to 
be followed by discussion of how funding could work!

•  Regular meetings among US institutions over past 2 months !
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Building towards a single science collaboration!

•  Common systems!
–  Infrastructure related : !

•  slow controls, DAQ!
•  Cryogenics!

•  Software and Analysis Tools!

•  What it will take :!
– Trust                  Communication!
– Agreements!
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It	  is	  in	  progress	  but	  
will	  take	  2me	  



SBN Executive Board!

•  SBN Executive Board formed consisting of the collaboration 
spokespeople, deputy spokesperson and SBN coordinator: !

Carlo Rubbia, Sandro Centro, Bonnie Fleming, Sam Zeller, Dave Schmitz, Ornella 
Palamara and Peter Wilson !

•  First meeting held May 20 at Fermilab with Gina Rameika also in 
attendance. !
–  Discussion of joint workshops on analysis and software!

•  Planning for next face-to-face meeting in July at time of building 
groundbreaking!
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Physics and software coordination!

•  Critical to achieving the physics sensitivity will be close 
coordination of the software tools and analysis!

•  SBND and MicroBooNE already use the same software 
platform and share many software experts!

•  A next step is an ICARUS software workshop scheduled for  
July 20-24 at CERN including new US members who are 
experts on LArSoft, art and artdaq .!

•  Next stage will be workshops and working groups including 
all three collaborations!

•  Once these tools are in place it will be possible to more 
thoroughly examine issues of calibration and systematics 
across the program!
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Program Organization - SBN Program Office!

•  Program Coordinator – Peter Wilson!
•  Deputy Coordinator – Catherine James!
•  Program Mechanical Engineer!

–  SBND interim – Joseph Howell!
•  Program Electrical Engineer – Linda Bagby!
•  ES&H Coordinator – Eric McHugh!
•  CERN-INFN-Fermilab Safety Coordination:!

–  CERN Technical Safety POC – Olga Beltramello (CERN)!
–  Fermilab Technical Safety POC – Min Jong Kim!

•  Project Controls – Richard Krull!
•  Financial Officer – Molly Anderson (ND FFM)!
•  Admin Support – Etta Johnson!
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SBN WBS!

22 June 2015!P. Wilson | Fermilab SBN Program!18!
Dec$17,$2014$

 Program 
Management 

 
 
 
 

SBN$WBS$

TPC 

Prelim Design 

TPC Electronics 

Local DAQ 

SBND 
 

Management 

Light Detection 

Concept Design 

Management 

BNB 
Improvement 

ICARUS 
 

Light Detection 

TPC Refurbish 

TPC Electronics 

Management 

FD Cryostat 

Cosmic Tagger 

Local DAQ 

6/18/15&

Cryogenics 

Common 
DAQ 

Conventional 
Facilities 

Installation 

Infrastructure 
and Installation 

Management 

 Joint Cosmic 
Tagger Effort 

Calib. Laser  

Cosmic Tagger 

TPC Installation  

ND Cryostat 

Integration in 
SBN Program 

Management 

MicroBooNE 
Upgrade 

 Technical Coordinators!
SBND: Ting Miao!
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If	  needed	  



SBN Review Process!

•  SBN is not funded as a DOE project:!
–  Collection of GPP, DOE funds and non-DOE funds (NSF, CERN, INFN, SNSF, 

STFC)!
•  Therefore, not managed as a DOE 413.3A project!

–  For example: no critical decision (CD) process!
•  However, managing with a lightweight version like using a resource 

loaded schedule, milestones and reviews!
•  Coordinating with Office of the Chief Project Officer (Mike Lindgren) on 

the review process!
•  Director’s reviews will assess the cost, schedule and risk of the program 

plan!
•  Technical design reviews organized by the SBN program to ensure that 

systems will meet the scientific and technical requirements of the program!
–  Reports provided to Director’s review!

!
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Director’s Review !!

•  Organized by Chief Project Officer Office!
–  DOE are participants.  Other funding agencies will be invited.!

•  For most systems intend this to be akin to DOE CD-2 Review – baseline 
of cost and schedule; management plan!
–  Funding and staffing profile!
–  Cover Design, Construction and Installation!
–  “CD-3a” already happened for buildings under GPP process!

•  Plan for review in October 2015!
•  Follow-up Review(s) in 2016 !

–  Director’s: Status on design, construction and installation!
–  Plan for commission and operations (Program Planning?)!
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SBN Technical Design Reviews!

•  Using new guidelines developed by Office of Chief Project Officer!
–  Flexible template for use by projects!
–  Defines series of reviews from requirements through operational readiness!

•  Adapt to needs of the SBN program!
•  Document development of design with requirements documents and 

technical design document for each subsystem rather than a single global 
TDR.  !

•  Update technical design document at each review stage as appropriate!
•  Review by subsystem (L2) combining where appropriate.!
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Review Schedule !

2015!
•  June-July: ad hoc reviews to examine specific requirements and 

conceptual design topics!
•  July-Sept: Design reviews of subsystems!
•  Oct: Director’s Review of cost and schedule!
Late 2015-16!
•  Final Design and Procurement Reviews for each subsystem !
•  Spring 2016(?): Director’s Status Review   !

•  In process of creating design review schedule for SBND.   Next step will 
be to define necessary reviews for ICARUS.!
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Main SBN Funding Sources!
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DOE	  
NSF	  

CERN	  

INFN	  

SNSF	  

STFC	  	  	  



Main International Agreements!
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DOE	  
FNAL	  

CERN	  

INFN	  

SNSF	  

STFC	  	  	  

Agreement	  Status	  
	  Signed	  
	  In	  discussion	  



ICARUS refurbishment at CERN (WA-104)!
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CERN – Fermilab Coordination on SBN Infrastructure!

•  Scope of shared work on 
infrastructure captured in 
draft agreement!

•  Fermilab engineer (David 
Montanari) based at CERN 
since January!

–  Interface between Fermilab 
engineering and CERN 
engineering!
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Version!1.1! Page!1!of!7! 4/10/15!

Agreement(between(CERN(and(Fermilab(on(activities(in(support(
of(the(Fermilab(Short(Baseline(Neutrino(Program(

!

CERN!and!Fermilab!have!agreed!to!cooperate!on!the!development!of!LArTPCs!and!

necessary!infrastructures!for!future!neutrino!experiments.!!!We!describe!here!the!

areas!of!joint!effort!between!the!two!laboratories!on!Fermilab!Short!Baseline!

Neutrino!Program!(SBN).!!

!

!The!primary!areas!of!CERN!contribution!to!the!SBN!program!will!be!in!support!

infrastructure,!integration,!logistics!and!installation.!!The!systems!include:!

• Detector!cryostats!

• Cryogenic!systems!

• Installation!support!

• Cryogenic!controls!

• Data!acquisition!hardware!and!software!

At!this!time!we!focus!on!deliverables!for!cryostats,!cryogenics!and!installation!

support.!!!We!note!that!there!are!very!similar!tasks!for!cryostats,!cryogenics!and!

controls!for!WA105!and!the!DUNE!singleVphase!prototype!at!CERN.!!!The!size!of!

these!systems!is!very!similar!to!ICARUS!and!with!a!very!similar!schedule!for!

operations.!!

!

As!host!laboratory,!Fermilab!has!primary!responsibility!for!providing!the!safety!

review!of!all!the!systems.!!

Near(Detector(Cryostat(
!

The!SBN!near!detector!will!use!the!membrane!cryostat!technology!developed!for!

transport!and!storage!of!liquefied!natural!gas.!!This!technology!is!being!explored!for!

far!detectors!at!the!Long!Baseline!Neutrino!Facility.!!!Worldwide!there!are!two!

suppliers!of!the!technology:!GTT!of!France!and!IHI!of!Japan.!!Fermilab!gained!

experience!with!the!technology!with!the!construction!of!cryostat!containing!35t!of!

LAr!as!part!of!the!LBNE!project!R&D.!!This!cryostat!was!designed!and!fabricated!by!

IHI!in!2012.!!!The!first!membrane!cryostat!at!CERN!is!being!designed!and!

constructed!by!GTT!for!a!small!twoVphase!LArTPC!prototype!as!part!of!the!WA105!

collaboration!with!installation!anticipated!in!midV2015.!!!In!addition!to!differing!in!

vendor!for!the!membrane!technology!these!installations!differ!in!design!of!the!warm!

cryostat!support!technology.!!!The!outer!cryostat!structure!(aka!warm!cryostat)!for!

the!LBNE!35!ton!at!Fermilab!is!made!of!poured!concrete!while!the!WA105!small!

cryostat!at!CERN!uses!a!steel!IVbeam!structure!with!a!stainless!steel!sheet!liner.!!!The!

baseline!plan!for!the!SBN!near!detector!cryostat!is!to!use!a!steel!outer!structure.!!!

For!the!remainder!of!this!document!we!refer!to!the!two!major!components!of!the!

cryostat!as!outer&cryostat&structure!and!membrane&cryostat&membrane.&&&For!these!



Three detectors with one technology: Liquid Argon TPC!
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Icarus	  –	  T600	  
760t	  LAr	  

MiniBooNE	  
MicroBooNE	  
(exis9ng)	  
170t	  LAr	  

SBND	  
260t	  LAr	  

νµ	


νµ	
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Strategy for SBN Detectors!
•  Far Detector: ICARUS T-600!

–  Exists!
–  Has operated!
–  Being upgraded!

•  Middle Detector: MicroBooNE!
–  Exists!
–  Now commissioning!
–  Upgrade if needed!

•  Near Detector!
–  Doesn’t exist!
–  Needs to be designed, built, installed and 

operated, …!
–  Needs to incorporate lessons learned as well 

as new ideas; in particular ones that  will 
inform us how to scale to larger detector 
mass!

–  Funding available from a variety of sources, 
for a variety of reasons :!

•  Physics, international collaboration,… !
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Not	  a	  construc`on	  project;	  
Not	  R&D;	  	  
Install	  and	  commission	  
as	  Detector	  Opera`ons	  

We	  are	  developing	  a	  	  
construc`on	  plan	  
funded	  by	  a	  variety	  of	  	  
sources;	  manage	  it	  
using	  standard	  PM	  	  
Principles;	  	  
Commissioning	  
will	  be	  Detector	  Opera`ons	  



T600 Milestones and Funding Plan!
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Task
TotalCost 
(KCHF) CERN INFN

Movement to CERN 1227 504 723
Cryostats 3951 2082 1869
Cryogenics 1108 1108 0
Refurbishing 2531 663 1868
Slow controls and DAQ 115 115 0
Veto counters procurement and pre-assembly 1200 600 600
Total 10132 5072 5060

Core	  Costs	  



ICARUS transport to CERN!
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T600 Conceptual Design III-25

Transport Box 

rails 

un-mounted 
race-tracks 

TPC endcup 

FIG. 22: Start of movement of the TPC inside the transport vessel.

FIG. 23: The transport vessel on its way to CERN.

clean room). A dedicated clean room, to house the TPCs during operations, has been already586

completed (see Fig. 25).587

This Section is organized as follows: Par. VA describes the main modifications of the588

ICARUS T600 internal detectors. Par. VB shows the new layout of the Light Collection589

System, while the Electronics and DAQ in the FNAL configuration are described in Par. VC.590



1st T-300 TPC in clean room!

•  Tasks in progress (WA104)!
–  New cryostats!
–  Rebuild cryogenics!
–  Replace internal TPC 

cabling!
–  Flattening cathode planes!
–  PMTs : 90 new 8” tubes 

behind each wire plane (360 
total)!

•  Other tasks under discussion!
–  Upgrade of TPC front-end 

electronics!
–  Electronics and readout for 

PMTs!
–  Construction of a cosmic ray 

tagger!
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ELBNF&Proto+Collaboration&Meeting,&January&2015D.&Schmitz,&UChicago

ICARUS-T600, WA104

10

First&T300&in&
Cleanroom&at&

CERN&

Ready&to&
leave&LNGS&
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T600 Refurbishing!

•  Regular WA104 meeting 
chaired by Claudio 
Montanari (TC) covering 
refurbishing topics!

•  Preparing for purchase of 
new PMTs and TPC 
cabling!

•  Preparing final plans for 
cold cryostat vessels: first 
vessel fall 2015!

•  Working to schedule for 
delivery of both T300 
TPCs to Fermilab when 
building is ready in early 
FY17!

!
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Example: Cold cryostat assembly plans!
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Concept for ICARUS Cosmic Rays Tagger!

P. Wilson | Fermilab SBN Program!

15	  planar	  surfaces:	  
5	  on	  the	  bo&om	  (1÷5)	  =	  10	  m	  x	  26	  m	  =	  260	  m2	  

one	  at	  the	  front	  (6)	  =	  10.5	  m	  x	  7	  m	  =	  73.5	  m2	  

1	   2	  
3	  

4	   5	  

6	  

7	  

8	  

9	  

10	  
11	  

12	  

13	  

14	  

15	  
Two	  on	  the	  long	  lateral	  sides	  (7,	  10)	  =	  	  
	  	  	  	  	  	  2	  x	  26.25	  m	  x	  7	  m	  =	  367.5	  m2	  
Two	  on	  the	  back	  (9,	  10)	  =	  9.5	  m	  x	  7	  m	  +	  	  	  	  
	  	  	  	  	  	  3	  m	  x	  7	  m	  =	  87.5	  m2	  

One	  inclined	  at	  the	  top	  front	  (11)	  =	  2	  m	  x	  11	  m	  =	  22	  m2	  

Two	  inclined	  at	  the	  top	  sides	  (12,14)	  =	  2	  x	  2	  m	  x	  27	  m	  =	  108	  m2	  

One	  ver`cal	  at	  the	  top	  back	  (13)	  =	  	  
	  	  	  	  	  	  1.5	  m	  x	  11	  m	  =	  16.5	  m2	  
One	  on	  the	  top	  (15)	  =	  11	  m	  x	  27	  m	  =	  297	  
m2	  

Total	  surface	  
1242	  m2	  
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SBN Near Detector: SBND (formerly known as LAr1-ND)!

•  Detector Development : Build on 
experience and lessons learned from 
ICARUS, MicroBooNE, LBNE 35 ton 
prototype!

•  Detector Development : incorporate 
ideas being discussed for DUNE!

•  Physics : size and locate to provide 
best control of systematics for νe 
appearance!

•  Schedule : make decisions in a timely 
manner to be ready when far detector 
is ready!

•  Cost :  use multiple  funding sources 
to cover required scope!
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Steel	  outer	  cryostat	  
and	  support	  structure	  

Plate	  A:	  TPC	  support	  and	  detector	  
feedthroughs	  

Foam
	  Insul

a`on
	  (60cm

)	  

TPC	  



SBND Scope of Work and Funding !
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Dec$17,$2014$

 Program 
Management 

 
 
 
 

SBN$WBS$

TPC 

Prelim Design 

TPC Electronics 

Local DAQ 

SBND 
 

Management 

Light Detection 

Concept Design 

Management 

BNB 
Improvement 

ICARUS 
 

Light Detection 

TPC Refurbish 

TPC Electronics 

Management 

FD Cryostat 

Cosmic Tagger 

Local DAQ 

6/18/15&

Cryogenics 

Common 
DAQ 

Conventional 
Facilities 

Installation 

Infrastructure 
and Installation 

Management 

 Joint Cosmic 
Tagger Effort 

Calib. Laser  

Cosmic Tagger 

TPC Installation  

ND Cryostat 

Integration in 
SBN Program 

Management 

MicroBooNE 
Upgrade 

Dec$17,$2014$

 Program 
Management 

 
 
 
 

SBN$WBS$

TPC 

Prelim Design 

TPC Electronics 

Local DAQ 

SBND 
 

Management 

Light Detection 

Concept Design 

Management 

BNB 
Improvement 

ICARUS 
 

Light Detection 

TPC Refurbish 

TPC Electronics 

Management 

FD Cryostat 

Cosmic Tagger 

Local DAQ 

6/18/15&

Cryogenics 

Common 
DAQ 

Conventional 
Facilities 

Installation 

Infrastructure 
and Installation 

Management 

 Joint Cosmic 
Tagger Effort 

Calib. Laser  

Cosmic Tagger 

TPC Installation  

ND Cryostat 

Integration in 
SBN Program 

Management 

MicroBooNE 
Upgrade CERN-‐FNAL:	  CERN	  plaiorm	  and	  DOE	  R&D	  	  

Management,	  Engineering	  oversight,	  
installa`on:	  DOE	  R&D	  (FNAL)	  

NSF	  MRI	  (Yale,	  Chicago,	  Syracuse)	  plus	  	  
STFC	  (UK	  groups)	  

SNSF	  (University	  of	  BERN)	  

WG	  considering	  technology	  op`ons	  
Funding	  and	  groups	  to	  be	  determined	  
LANL	  LDRD	  proposal	  (July)	  

Cold	  Front-‐End:	  DOE	  R&D	  (BNL	  from	  FNAL)	  
Trig.	  &	  Readout:	  NSF	  proposal	  (Columbia)	  



SBND Coordination!
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Integra`on	  mee`ngs	  since	  Dec	  2014:	  

First	  Technical	  Board	  mee`ng:	  



8,' ,' :%6 1DPH 6WDUW )LQLVK 'XUDWLRQ ��&RPSOHWH

� � ��6%1 6KRUW�%DVHOLQH�1HXWULQR��6%1� ������� ������� �����G ��
� �� ��6%1�� 6KRUW�%DVHOLQH�1HXWULQR�1HDU�'HWHFWRU��6%1�1'� ������� ������� �����G ��
� �� ��6%1���� 3URJUDP�0DQDJHPHQW��6%1�1'�30� ������� ������� �����G ��
�� �� ��6%1���� 3UHOLPLQDU\�'HWHFWRU�'HVLJQ��6%1�1'�3''� �������� ������� ����G ��
��� �� ��6%1������ 3UHOLPLQDU\�'HWHFWRU�'HVLJQ�	�,QVWDOODWLRQ��6%1�1'�3''� �������� ������� ����G ��
�� �� ��6%1���� 73&�&RQVWUXFWLRQ��6%1�1'�73&&� ������� �������� ����G ��
�� �� ��6%1������ 73&�3UHOLPLQDU\�'HVLJQ��6%1�1'�73&&� ������� ������� ���G ��
���� ��� ��6%1������ 73&�)LQDO�'HVLJQ��6%1�1'�73&&� ������� �������� ���G ��
���� ��� ��6%1������ 73&�&RPSRQHQW�)DEULFDWLRQ���8.��6%1�1'�73&&� ������� �������� ����G ��
���� ��� ��6%1������ 73&�&RPSRQHQW�)DEULFDWLRQ���86��6%1�1'�73&&� �������� �������� ����G ��
���� ��� ��6%1������ 73&�$VVHPEO\�DQG�,QVWDOODWLRQ�3UHSDUDWLRQV��6%1�1'�73&&� �������� ������� ����G ��
��� ��� ��6%1���� /LJKW�'HWHFWRU�&RQVWUXFWLRQ��6%1�1'�/'&� ������ ������� ����G ��
��� ��� ��6%1������ /LJKW�'HWHFWRU�'HVLJQ��6%1�1'�/'&� ������ �������� ����G ��
���� ��� ��6%1������ /LJKW�'HWHFWRU�6LJQDO�)HHG�7KURXJK�DQG��,QVWDOODWLRQ�6XSSRUW�3URGXFWLRQV��6%1�1'�/'&� ������� ������� ����G ��
���� ��� ��6%1������ /LJKW�*XLGH�%DU�6\VWHP�$VVHPEO\��6%1�1'�/'&� ������ ������� ����G ��
���� ��� ��6%1������ 307�6\VWHP�$VVHPEO\��6%1�1'�/'&� ������ ������� ����G ��
���� ��� ��6%1������ /LJKW�'HWHFWRU�5HDGRXW��6%1�1'�/'&� ������ �������� ����G ��
���� ��� ��6%1������ /LJKW�'HWHFWRU�,QVWDOODWLRQ��6%1�1'�/'&� ������ ������� ���G ��
��� ��� ��6%1���� /DVHU�&DOLEUDWLRQ�6\VWHP�DQG�&RVPLF�5D\�'HWHFWRU�&RQVWUXFWLRQ��6%1�1'�/&&� ������� ������� ����G ��
��� ��� ��6%1������ /DVHU�&DOLEUDWLRQ�6\VWHP��6%1�1'�/&&� ������ ������� ����G ��
��� ��� ��6%1�������� $GDSWDWLRQ�RI�WKH�0LFUR%RR1(�/DVHU�&DOLEUDWLRQ�WR�/$5�1'�&U\RVWDW��6%1�1'�/&&� ������ ������� ����G ��
��� ��� ��6%1�������� )DEULFDWLRQ�RI�&RPSRQHQWV�RI�/DVHU�&DOLEUDWLRQ�6\VWHP��6%1�1'�/&&� ������ �������� ����G ��
��� ��� ��6%1�������� $VVHPEO\�DQG�7HVW�RI�/DVHU�&DOLEUDWLRQ�6\VWHP�DW�%HUQ��6%1�1'�/&&� ������ ������� ����G ��
��� ��� ��6%1�������� /DVHU�&DOLEUDWLRQ�6\VWHP�'HOLYHU\�WR�)HUPLODE��6%1�1'�/&&� ������ ������� ���G ��
���� ��� ��6%1�������� /DVHU�&DOLEUDWLRQ�,QVWDOODWLRQ��6%1�1'�/&&� ������ ������� ����G ��
���� ��� ��6%1������ &RVPLF�5D\�7DJJHU�&RQVWUXFWLRQ��6%1�1'�/&&� ������� ������ ����G ��
���� ��� ��6%1�������� 3UHSDUDWLRQ�RI�5HTXLUHPHQW�'RFXPHQWV��6%1�1'�/&&� ������� �������� ���G ��
���� ��� ��6%1�������� 3UHOLPLQDU\�'HVLJQ�DQG�7HVWV��6%1�1'�/&&� ������ ������� ����G ��
���� ��� ��6%1�������� 3URGXFWLRQ�RI�0RGXOH����DQG�7HVWV��6%1�1'�/&&� ������ ������� ���G ��
���� ��� ��6%1�������� 0DVV�3URGXFWLRQ�RI�3ODQHV����������6%1�1'�/&&� ������ ������� ����G ��
���� ��� ��6%1�������� 0RGXOHV�'HOLYHU\�WR�)HUPLODE��6%1�1'�/&&� ������ ������ ����G ��
���� ��� ��6%1�������� ,QVWDOODWLRQ�RI�&57�0RGXOHV�DW�WKH�'HWHFWRU��6%1�1'�/&&� ������ ������� ����G ��
���� ��� ��6%1�������� &57�&RPPLVVLRQLQJ��6%1�1'�/&&� ������ ������ ���G ��
��� ��� ��6%1���� 73&�(OHFWURQLFV��6%1�1'�73&(� ������� ������� ����G ��
��� ��� ��6%1������ 73&�&ROG�(OHFWURQLFV��6%1�1'�73&(� ������ �������� ����G ��
��� ��� ��6%1������ 73&�:DUP�,QWHUIDFH�(OHFWURQLFV��6%1�1'�73&(� ������ �������� ����G ��
��� ��� ��6%1������ 73&�5HDGRXW�6LJQDO�)HHG�WKURXJK�DQG�&ROG�&DEOH��6%1�1'�73&(� ������� ������� ����G ��
��� ��� ��6%1������ 1HYLV�73&�5HDGRXW�(OHFWURQLFV�'HVLJQ��6%1�1'�73&(� ������ ������� ����G ��
��� ��� ��6%1���� '$4��6%1�1'�'$4� ������ ������� ����G ��
��� ��� ��6%1������ 5HDGRXW�DQG�'$4��,QWHJUDWLRQ�'HVLJQ��6%1�1'�'$4� ������ �������� ����G ��
���� ��� ��6%1������ 5HDGRXW�3RZHU�6XSSOLHV�DQG�&DEOLQJ�'HVLJQV��6%1�1'�'$4� ������ ������� ����G ��
���� ��� ��6%1������ 3URGXFWLRQ�RI�3RZHU�6XSSOLHV��&DEOLQJ�DQG�5HOD\�5DFNV��6%1�1'�'$4� ������ ������� ����G ��
���� ��� ��6%1������ '$4�7ULJJHU�(OHFWURQLFV�,QWHJUDWLRQ�'HVLJQ�DQG�,QVWDOODWLRQ��6%1�1'�'$4� ������ ������� ����G ��
���� ��� ��6%1������ 'HWHFWRU�&RQWURO�6\VWHP��6%1�1'�'$4� ������ ������� ����G ��
���� ��� ��6%1������ 3URGXFWLRQ�RI�'$4�7HVWVWDQG��6%1�1'�'$4� ������ ������� ���G ��
��� ��� ��6%1���� ,QVWDOODWLRQ�&RRUGLQDWLRQ��6%1�1'�,&� ������� ������� ����G ��
��� ��� ��6%1������ 1HDU�'HWHFWRU�,QVWDOODWLRQ�'HVLJQ��6%1�1'�,&� ������� ������� ����G ��
���� ��� ��6%1������ 1HDU�'HWHFWRU�$VVHPEO\�)DFLOLW\�6HWXS��6%1�1'�,&� ������ ������� ����G ��
���� ��� ��6%1������ 1HDU�'HWHFWRU�$VVHPEO\��6%1�1'�,&� ������� ������ ����G ��
���� ��� ��6%1������ 1HDU�'HWHFWRU�,QVWDOODWLRQ��6%1�1'�,&� ������� �������� ����G ��
���� ��� ��6%1������ :DUP�'HWHFWRU�&RPPLVVLRQLQJ��6%1�1'�,&� ������ ������� ���G ��
��� ��� ��6%1���� 1HDU�'HWHFWRU�&U\RVWDW��6%1�1'�&� ������ ������� ����G ��
��� ��� ��6%1������ 3UHOLPLQDU\�'HVLJQ�RI�1HDU�'HWHFWRU�&U\RVWDW��6%1�1'�&� ������ �������� ����G ��
��� ��� ��6%1������ )LQDO�'HVLJQ�RI�1HDU�'HWHFWRU�&U\RVWDW��6%1�1'�&� �������� ������� ����G ��
��� ��� ��6%1������ 3URFXUHPHQW�DQG�,QVWDOODWLRQ�RI�1HDU�'HWHFWRU�&U\RVWDW��6%1�1'�&� �������� ������ ����G ��
��� ��� ��6%1������ &RPPLVVLRQLQJ�&RRO�GRZQ��RI�1HDU�'HWHFWRU�&U\RVWDW��6%1�1'�&� ������� ������� ����G ��
�� ��� ��6%1����� �7�����>(QG�:%6�@���(QG�RI�1HDU�'HWHFWRU��6%1�1'� ������� ������� ��G ��
�� ��� ��6%1�� 6KRUW�%DVHOLQH�1HXWULQR�,QIUDVWUXFWXUH�DQG�,QVWDOODWLRQ��6%1�,,� ������� ������� �����G ��
��� ��� ��6%1���� (QJLQHHULQJ�0DQDJHPHQW��6%1�,,�(0� ������� ������� �����G ��
��� ��� ��6%1���� &RQYHQWLRQDO�)DFLOLWLHV��6%1�,,�&)� ������� ������� ����G ��
�� ��� ��6%1������ 1HDU�'HWHFWRU�%XLOGLQJ��6%1�,,�&)�1'%� ������ ������� ����G ��
�� ��� ��6%1������ )DU�'HWHFWRU�%XLOGLQJ��6%1�,,�&)�)'%� �������� ������� ����G ��
�� ��� ��6%1������ 6LWH�'HYHORSPHQW��6%1�,,�&)�6'� ������� ������� ����G ��
��� ��� ��6%1���� &U\RJHQLF�6\VWHPV��6%1�,,�&6� ������� ������� �����G ��
���� ��� ��6%1������ &U\RJHQLFV�3URJUDP�0DQDJHPHQW��6%1�,,�&6� ������� ������� �����G ��
��� ��� ��6%1������ 1HDU�'HWHFWRU�&U\RJHQLF�6\VWHPV��6%1�,,�&6�1'� ������� ������� ��G ��
��� ���� ��6%1������ )DU�'HWHFWRU�&U\RJHQLF�6\VWHPV��6%1�,,�&6�)'� ������� ������� ��G ��
��� ���� ��6%1���� ,QWHJUDWLRQ��6%1�,,�,� ������� ������� ��G ��
��� ���� ��6%1������ �6%1�,,�,� ������� ������� ��G ��
��� ���� ��6%1���� &HQWUDO�'$4��&RPSXWLQJ�DQG�6WRUDJH��6%1�,,�'$4� ������� ������� ��G ��
��� ���� ��6%1������ 1HDU�'HWHFWRU�&HQWUDO�'$4��&RPSXWLQJ�DQG�6WRUDJH��6%1�,,�'$4�1'� ������� ������� ��G ��
��� ���� ��6%1������ )DU�'HWHFWRU�&HQWUDO�'$4��&RPSXWLQJ�DQG�6WRUDJH��6%1�,,�'$4�)'� ������� ������� ��G ��
�� ���� ��6%1���� �7�����>(QG�:%6�@���(QG�RI��,QIUDVWUXFWXUH�DQG�,QVWDOODWLRQ��6%1�,,� ������� ������� ��G ��
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���� ���� ���� ���� ���

SBND Schedule!
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First	  complete	  schedule	  for	  detector	  WBS	  	  



SBND TPC!

•  Responsibilities of collaborating 
institutes defined (UK-US)!

•  Workshop this week in Liverpool!
•  Advancing design:!
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Liverpool)TPC)Engineers’)Meeting)Preliminary)Agenda)

Venue:&Stephenson&Institute&For&Renewable&Energy&(SIRE)&seminar&room&&

)

Monday)22/6/15)

10:00$%$12:00$$Unofficial$Interactive$Eng.$Modeling$session$at$Peter$Sutcliffe’s$office$
(Designers$only,$meet$at$my$office$307,$3rd$floor,$Physics$Department,$Oliver$Lodge$
building)$

12:00&Formal&start&at&the&Stephenson&Institute&seminar&room&

12:00&?12:30&&Overview&on&preliminary&design&status&and&plan&–&Bo&Yu&

12:30&–&13:30&CPA&review&?Liverpool&

(Working&lunch&13:00)&

13:30&?&14:30&APA&Frame&review&?Sheffield/BNL&

14:30&?15:30&APA&winding&UK&process&review&?Manchester&

15:30&?16:00&Coffee&break&

16:00&?&16:30&US&APA&winding&tooling&and&plans&?Syracuse/BNL&

16:30&?17:00&Electronic&FEB&Board&status&and&APA&mounting&requirements&?Hucheng?&

17:00&?18:00&Discussion&and&remarks&of&the&day&?All&

&

Tuesday)23/06/2015)

Daresbury$Lab$visit$$9:00$%$11:00$(Meet$8:00$am$outside$Physics,$two$cars$available)$

12:00&?12:30&UK&Cold&tests&design&status&–Lancaster&

12:30&&?&13:00&Bridged&APAs&connection&design,&deflection&board&status&and&geometry&
boards&–BNL&

(Working&lunch&13:00)&

13:00&?&13:30&HV&feedthrough&review&UCL/Yale&

13:30?&14:30&Field&Cage&review&BNL/Yale&

14:30&?15:30&TPC&assembly&and&support&structure&review&?Chicago/BNL&

15:30&?&16:00&Coffee&break&

16:00&–&16:30&&TPC&required&cryostat&ports&&?BNL&

16:30&?17:00&&Towards&final&design:&engineering&design&issues&&?&Peter&Sutcliffe&

17:00&?18:00&Discussion&and&final&remarks&of&the&day&?All&

Anode	  Plane	  FEA	  

TPC	  
Structure	  
Concept	  



Cryogenics (report from David Montanari)!
•  The WA104 Cryogenics has been preliminarily divided between CERN and 

Fermilab:!
–  WA104 " Internal Cryogenics (inside the cryostat).!
–  CERN " Proximity Cryogenics (LAr filtration, Ar Condenser, LAr recirculation pump and 

associated piping and instrumentation).!
–  Fermilab " External Cryogenics (LAr/LN2 receiving facilities, LAr/LN2 transfer lines and GAr/

GN2 returns).!

•  Preliminary P&IDs have been drawn (based on the previous ICARUS 
configuration) to facilitate the discussion.!

•  Exact division of responsibilities are being discussed.!
•  Deliverables (with cost and schedule) are being prepared and will be 

discussed.!
•  Interface documents for the various parts will need to be prepared and 

discussed.!
•  Components need to be sized (will start with existing values).!
•  3D modeling can then start.!
!
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Cryogenics!
•  SBND Cryogenics follows similar plan to ICARUS with a to has been 

preliminarily divided between CERN and Fermilab:!
–  Femilab " Internal Cryogenics (inside the cryostat).!
–  CERN " Proximity Cryogenics (LAr filtration, Ar Condenser, LAr recirculation pump and 

associated piping and instrumentation).!
–  Fermilab " External Cryogenics (LAr/LN2 receiving facilities, LAr/LN2 transfer lines and GAr/

GN2 returns).!

•  Exact division of responsibilities is being discussed (draft CERN/FNAL 
agreement)!
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Cryogenics!

•  Components will be skid mounted and cold tested, ready for installation and 
final connections in the field.!

•  Pipe sections may be prefabricated and cold tested, ready for installation and 
final connections in the field.!

•  Need to look at available components and decide what can be reused (LAr 
pumps, maybe vessels?).!
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Conventional Facilities for Near and Far Detectors!
Budget from GPP funds FY14 - 16!

22 June 2015!44! P. Wilson | Fermilab SBN Program!

Budget	  to	  cover	  :	  
•  EDIA	  
•  Construc`on	  Contract	  
•  Management	  reserve	  

FY14 FY15 FY16 Total

Site Preparation 1500 695 2195

Near Detector Building 1700 3645 5345

Far Detector Building 1000 5298 3502 9800

Total GPP Budget 17340

Site Prep - Near Site
Near Building (60% Design) 

Far Detector Building & Site Prep (Estimate)
Far Detector Building & Site Prep - Low Bid
Far Detector Building & Site Prep - High Bid

($2,190K	  addi`onal	  to	  what	  in	  ini`al	  plans;	  extra	  
added	  in	  FY16)	  

Near	  Detector	  Far	  Detector	  



Far Detector Building!

•  Preliminary design started summer 
2014!

•  Close cooperation between ICARUS, 
CERN and Fermilab on design 
requirements and review.   !

•  Designed for 3m concrete overburden 
over detector to mitigate cosmogenic 
backgrounds for near surface 
operation!

•  Timeline:!
#  January 2015 - 60% Design Review!
#  March 2015 – Final Design Review!
#  March 2015 - Design complete!
#  April 2015 - Construction contract 

bidding (complete May 2015) !
–  July 2015 - Construction start!
–  Nov 2016 -  Beneficial occupancy!

 !
45!

ν
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Near Detector Building!

•  Design started January 2015!

•  Designed for 3m concrete 
overburden inside building to 
mitigate cosmogenic backgrounds 
for near surface operation!

!
•  Timeline:!

#  March 2015 - 60% Design review 
and and cost estimate!

#  May 2015 – revised 60% design!
–  July 2015 – Final design review!
–  August 2015 - Design complete !
–  October 2015 - Construction start!
–  Nov 2016 -  Beneficial 

occupancy!
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Booster Neutrino Beamline Improvements!
•  This sterile ν search is limited by far detector statistics!

–  Neutrino flux X detector mass!
–  Detector is expensive ($10M for                                                                 

building alone)!
•  Increased ν flux would further                                                             

secure the program sensitivity!
–  Higher ν production efficiency!
–  More protons on target (P.O.T.)!

•  Current BNB ν energy distribution optimized for MiniBooNE !
–  LAr-TPCs more tolerant of high energy tail (distinguish NC π0 background)!
–  Allows for reconsideration of target and horn design !
–  First studies in 2014 exploring one horn and two horn designs indicate an 

improvements 30-100% are possible!
•  P.O.T. is presently limited to 5 Hz average!

–  After PIP, Booster up to 15 Hz when NUMI beam (and Muon program) is off !
–  Upgraded power supply would permit more opportunistic use of beam pulses!
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Booster Neutrino Beam Upgrade!

Since	  January	  PAC	  mee`ng	  we	  have	  developed	  a	  	  Pre-‐Conceptual	  design	  with	  
es`mated	  cost	  of	  ~$6M	  
Two	  op`ons	  span	  a	  range	  of	  improvements	  and	  cost:	  
1.  Short,	  improved	  MiniBooNE-‐style	  horn	  +	  PS	  mods	  
2.  New	  horn,	  max.	  length	  (3.5m)	  +	  PS	  mods	  

Interac`on	  yield	  with	  a	  3.5m	  long	  
Horn	  (Op`on	  2)	  compare	  to	  present	  yield	  
	  
+70%	  efficiency	  (not	  incl.	  more	  booster	  
cycles)	  	  
	  
Plan	  to	  complete	  conceptual	  design	  in	  
2016	  	  
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SBN Program Timeline  !
EPOC% EXPT% 2015% 2016% 2017% 2018% 2019% 2020%

NOW$ MINOS+$ RUN$

NOW$ MicroBooNE$ RUN$1$ RUN$2$SBN$

NEXT$ SBND$ BUILD$+$INSTALL$*$ RUN$2$SBN$

NEXT$ ICARUS$ REFURBISH+INSTALL*$ RUN$2$SBN$

NEXT+$ ?$ decide$ ????$

Sterile$Neutrino$related$program$2$$FNAL$

*$$Important$contribuHons$from$CERN$Neutrino$PlaLorm$and$$
European$funding$agencies$

Source$of$informaHon:$$January$2015$Fermilab$PAC$meeHng;$presentaHons$&$Report:$$$
hVp://www.fnal.gov/directorate/program_planning/phys_adv_com/index.html$

!"
MINOS+$

!"
MicroBooNE$

!5σ "

sin22θ24$sensiHvity$$
~$0.02$(90%CL)$for$$
Δm2$~$0.5$eV2$

MiniBooNE$anomaly$
e$or$γ$determinaHon$
at$425$σ%

Increasing$sens2$
iHvity$to$LSND$$
anomaly$

PROGRESS$

SBN$

4/19/15$Steve$Geer|$ICFA$Neutrino$Panel%1$
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Steve	  Geer	  presented	  at	  ICFA	  Neutrino	  panel	  (18	  April	  2015)	  

(INFN,	  STFC,	  SNSF)	  



Conclusions!

•  Since January we have made good progress in initiating this combined 
physics and R&D program!

•  Through this program we are exercising the components required to host 
a program in the  U.S. where major contributions are coming from our 
international collaborators!

•  We have advanced designs for the conventional facilities!
–  Groundbreaking for ICARUS this summer; SBND in fall!

•  ICARUS refurbishment at CERN is underway!
–  Addition of the U.S. groups will enable our ability to install and 

integrate the ICARUS detector into our facilities !
•  Construction and commissioning of the SBND will provide a next-

generation test bed (after MicroBooNE)  for gaining the experience 
needed to construct and operate on the multi-kiloton scale !

•  Actual costs from MicroBooNE construction, installation and 
commissioning are informing our plan and budget requirements.!
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Response to PAC Charge (1)!

1.  We ask the PAC to comment on the current situation and on the 
progress being made on MicroBooNE, SBND, and ICARUS!
–  MicroBooNE is presently filling with liquid argon and will be full in ~2 weeks!!
–  Both the far detector and near detector buildings are in advanced stages of 

design and construction will begin this summer.  !
–  Refurbishments/upgrades of the first ICARUS T300 module are on-going at 

CERN and scheduled to be completed by the end of 2015.  Work on the 
second T300 to be completed by the end of 2016.!

–  SBND designs for the cryostat, detector, and cosmic tagger system are all 
advancing well; TPC design meeting going on right now in Liverpool, UK.!

2.  Is the path to Stage 2 approval for SBND and ICARUS (and extended 
MicroBooNE running) clear and appropriate?!
–  A SBN Director’s Review is anticipated in October.  Several technical reviews 

for ND systems being planned through the summer leading up to Director’s 
Review.  !
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Response to PAC Charge (2)!

3.  Is there an adequate plan for the three collaborations to develop a 
strategy of cross calibrations that will lead to an understanding of the 
relative acceptances at the required level?!
–  To realize the maximum sensitivity to oscillations will require that data from the 

three detectors be analyzed in a consistent way using common analysis 
algorithms.!

–  Planning efforts are underway now to work toward common solutions in 
software from DAQ, to offline software frameworks, to reconstruction 
algorithms.  !

–  MicroBooNE data, coming soon, will be extremely valuable to planning, 
preparing for data in other SBN detectors.!
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SBN νµ Disappearance Sensitivity!

53!

Far Detector 
Spectrum 

Far Detector 
Spectrum 
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Improve	  on	  MiniBooNE+SciBooNE	  by	  factor	  of	  ~10 



Design Review Stages!

•  Reviews follow stages of design and construction run by SBN program!
–  Requirements and Specification!
–  Conceptual Design (CDR - 20% design complete) – Pre-CD1!
–  Preliminary Design (PDR - 50% design complete) – Pre-CD2!
–  Final Design (FDR - 80-90% design complete) !
–  Production Readiness (PRR) – post CD3!
–  Installation Readiness (IRR)!
–  Operational Readiness (ORR) – completion results in Operational 

Readiness Clearance (ORC)!
•  Where appropriate combine stages such as Requirements and 

Conceptual Design or Final Design and PRR!
•  Review program by subsystem (L2).  May combine where appropriate.!
!
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Another one

Paris 2008 NNN08 Sandro Centro 17

Layout of front-end electronics

F

A

D

C

F

A

D

C
Twisted pair cables

(~5m, 50pF/m)

Liquid argon       Gas

Decoupling

Boards

(32 ch.)

UHV

Feed-through

(18x32ch.) 

Front-end

amplifiers

(32/board)

Sense wires

(4-9m, 20pF/m)

H.V. (<±500 V)
VME board (18/crate)

4 Multiplexers

  (400ns x 8ch.)

10bit FADC
400ns sampling

1mV/ADC

ICARUS T600: ~ 54000 channels — 1720 boards — 96 crates

Cost of the full electronic chain: ~ 65 € / channel (today)

ICARUS report Slide: 3



Proposal for electronics replacement!
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Physical motivation for new electronics

ICARUS report Slide: 7

●  In old T600 electronic readout scheme, it’s possible to measure charge and 
energy deposition in only one view (Collection); 

●  For unfavorable event topology, νe identification not possible since in 
Collection too few wires are available to measure dE/dx; 

●  Large undershoot is detected in Ind2: the reconstruction of e.m. showers is 
very difficult; 

●  Moreover, due to VME architecture the data throughput is limited to 0.7 Hz; 
●  The timing of each board (32 wires) is not synchronized to each other ->         

1 t-sample (~0.6 mm) uncertainty on drift coordinate is added. This effect is 
the dominant error, limiting resolution on the measurement of muon momentum 
by multiple scattering. 

1.  It is necessary to improve the electron identification and energy measure in 
the Ind2 view, allowing to increase νe identification efficiency in SBL events 
at FNAL by 12% with significant impact on physics reach, through different 
signal shaping; 

2.  The synchronization of boards would allow to improve muon momentum 
resolution by multiple scattering by  ~20%; 

3.  The data throughput would increase to ~10 Hz. 
 



New design is compact!
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New simplified/compact design

ICARUS report Slide: 8

●  A relevant change concerns the adoption of serial ADCs (12 bits, one 
per channel) in place of the multiplexed ones used in T600 al LNGS.  

●  The main advantage is the synchronous sampling of all channels (at 400 
ns sampling time) of the whole detector, relevant for instance to the 
improvement of the muon momentum measurement by MS 
(expectations: reduction of Δp/p from 16% to 13% ). 

●  The digital part is fully contained in a single high performance FPGA 
per board, that handles signal filtering and organizes the information 
provided by the serial ADCs.  

●  A new, compact design, has been 
conceived to host both analogue 
and digital electronics directly on 
the ad-hoc flanges. 

●  Prototype boards are under test 
at INFN-LNL. 

From 595 
 to 10 liters 



TPC Electronics plan!

•  Not included in current CERN-INFN funding plan  (Need 
about €2.5M)!

•  Use of the cold pre-amp developed by BNL has been studied 
with an ICARUS prototype TPC at CERN.   A decision on the 
electronics plan will be made this summer.!
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